###### Key messages

-   A thorough history can reveal patterns of injury, highlight safeguarding concerns, guide medical management in addition to informing preventative measures.

-   The psychological impact of a dog bite on both the child and carer is often overlooked.

-   The majority of paediatric dog bites occur in the home.

-   A multidisciplinary approach is required to develop more comprehensive and effective prevention schemes.

Introduction {#s1}
============

There are an estimated 700 million dogs worldwide and tens of millions of people are injured by dogs each year.[@R1] There are nine million dogs in the UK with 25% of households owning a domestic dog.[@R3] Between financial years ending 2014 and 2018, the number of hospital admissions for 'dog bites and strikes' (which will now be referred to as 'dog bites') rose by 17% to over 8000 per year in England.[@R4] In the USA, dog bites account for an average of 337 103 emergency visits per year.[@R5] Low-income countries are estimated to have a higher incidence of bites and resulting fatalities than high-income countries due to the prevalence of rabies and the relative lack of access to appropriate healthcare.[@R2] This review focuses on the dog bite management and prevention in high-income and middle-income countries, but may also have relevance in other contexts.

Bites from dogs account for nearly 70% of all hospital admissions for mammalian bites costing the NHS an estimated £10 million per year.[@R6] There is significant regional variation in rates of hospitalisation for dog bites. In England, higher rates are seen in more deprived areas (as measured by the Index of Multiple Deprivation), with the highest rate reported in Merseyside (27.0 per 100 000 population).[@R6] Children are more likely than adults to receive medical attention for these injuries.[@R8] Those under the age of 9 years are disproportionately affected (17.6 per 100 000 population) and account for two-thirds of admissions among \<18 year olds.[@R6] Specifically, research has identified two age groups of children that are bitten most often: those under the age of 2 years,[@R9] and those aged 9--12.[@R9] The true incidence of dog bites is likely to be underestimated as studies have found that only a third of dog bite victims seek medical treatment and of those that do, not all will receive treatment in a hospital setting and therefore would not be included in the above figures.[@R13] In addition to physical impact, dog bites often carry psychological costs to the victim and their guardians,[@R15] which is understudied.

Physical assessment and management {#s2}
==================================

History and examination {#s2-1}
-----------------------

Paediatric dog bite injuries can be life-threatening or limb-threatening, due to internal organ injury, ischaemic insult or bacterial contamination.[@R19] Therefore, the initial assessment of a paediatric dog bite victim follows the same approach as that of a trauma patient.[@R20] Once the patient is stabilised, an in-depth assessment of the dog bite can be performed. An accurate history of the incident can reveal information regarding the pattern of trauma, highlight safeguarding concerns and inform the risk assessment for both tetanus and rabies (if not in a rabies-free area). Accurate and thorough documentation regarding the circumstances of the injury is also essential to aide research in this area, which can inform bite prevention schemes.

Details regarding the circumstance of the bite should be noted by asking for descriptions (rather than interpretations) of the dog and child behaviours before and during the event. Labels based on presumed motivations of dog behaviour such as 'jealously' or 'territorial' should be avoided. Information regarding dog breed, sex and neuter status, if known, should be collected (however, please see the discussion later for limits of breed-related inference). The general health of the dog should be noted, as painful medical conditions or illness can contribute to aggressive behaviour.[@R21] Dogs may show pain-induced aggression which may not easily be recognised by the caregiver, highlighting the importance of regular professional veterinary assessments even if the dog is perceived to be healthy. In addition, any previous instances of aggression and nervousness should be enquired about, as a history of aggressive behaviour is a risk factor for future bites.[@R22] In cases where there is a known history of aggressive behaviour, it must be strongly advised that a veterinary surgeon who specialises in behaviour, or other expert behaviourist, should be consulted.

In the paediatric population, identifying safeguarding concerns is essential. The National Institute of Healthcare Excellence (NICE) advises that a dog bite to a child in the context of inadequate supervision should raise suspicion of neglect.[@R24] However, the understanding of adequate supervision around dogs is not universal and ways of improving caregivers' supervision skills are unclear (see the Prevention section for a discussion of parental supervision). Therefore, evaluation of the context in which the child was injured, the circumstances in which the child encounters the dog and the history of both dog behaviour and caregivers' supervision practices will inform the assessment of ongoing risk to the child. This assessment is of particular importance when the dog is owned by the family or is frequently in close proximity to the child.

Knowledge of the circumstances of the injury, in addition to the size of the dog relative to the child, can provide insight into the expected pattern of injury. A 'snap and release' mechanism results in puncture-type wounds whereas a 'grip and retain' mechanism can lead to a spectrum of injury, from simple lacerations to soft tissue loss, with or without significant structural or internal organ injury.[@R25] The medical status of the victim should be noted with special attention given to risk factors for developing sepsis, including those who are immunocompromised or asplenic.[@R26] Evaluation of the injuries should include the anatomical location, type and depth of the wounds. An assessment for underlying structural involvement, including the neurovascular status distal to the injury, should be noted. Wounds should be evaluated for the extent of devitalised tissue, signs of infection or foreign material. Underlying bone fractures have been identified in dog bite cases as frequently as 7.7%.[@R27] Therefore, plain film radiographs should be performed when an underlying fracture is suspected, when the wound is overlying a joint and to exclude deep radio-opaque foreign bodies, such as teeth.[@R28]

Medical interventions {#s2-2}
---------------------

A risk assessment for tetanus and rabies should be performed. At present, the UK is considered a 'no risk' country for the contraction of rabies from a dog.[@R30] However, this status is currently under threat from importation of dogs without valid vaccinations.[@R31] Bites acquired elsewhere should be risk assessed and where indicated, postexposure treatment administered according to Public Health England (PHE) guidance.[@R30] PHE advises that wounds with extensive tissue devitalisation or heavy contamination with soil or agricultural material should be considered high risk for tetanus. However, no immediate further treatment for tetanus risk is required in:

-   Patients aged 11 years and over, who have received an adequate priming course (three doses given 1 month apart) of tetanus vaccine with the last dose within 10 years.

-   Patients aged 5--10 years who have received priming course and preschool booster.

-   Patients under 5 years who have received an adequate priming course.[@R32]

These patients should be advised to complete the immunisation schedule as normal. For those with an incomplete vaccination history for their age, tetanus toxoid with or without tetanus immunoglobulin should be administered, according to the assessed level of risk.

NICE recommends antibiotic prophylaxis for puncture wounds, bite injuries to the hands, feet, face or genitalia, immunocompromised patients and those requiring surgery or with an underlying structural injury.[@R28] Further recommendations include provision of antibiotics for all bite wounds presenting 8 hours or more after injury.[@R28] However, antibiotic use for wounds presenting after 48 hours with no signs of infection is not indicated due to limited benefit in this context.[@R25] These recommendations are based largely on expert opinion, with the exception of bites to the hand, which are supported by a Cochrane review.[@R33] Common pathogens found in infected dog bite wounds include *Pasturella*, *Staphlococcus* and *Streptococcus* species and therefore broad-spectrum antibiotic cover, such as co-amoxiclav, for 1 week is recommended.[@R28] For penicillin-allergic patients under 12 years of age, advice should be sought from a microbiologist.[@R28] Bites in patients with signs of systemic infection should be managed according to local sepsis protocols, ensuring that wound and blood cultures are taken to help guide antimicrobial therapies.

Wound management {#s2-3}
----------------

Irrigation of all bite wounds should be performed to help prevent infection. Irrigation under pressure is not recommended due to the risk of spreading bacteria into deeper tissue.[@R28] There is no evidence to support the use of sterile water over warm tap water, and the latter is recommended for first aid measures.[@R28] The wound should be encouraged to bleed slightly to aid expelling any foreign material or contaminant. Debridement of all devitalised tissue and removal of any remaining foreign material should be performed.[@R28]

Primary closure of bite wounds is a controversial issue. With adequate irrigation, infection rates for primary closure and non-delayed or delayed closure in simple wounds presenting early are similar.[@R28] In general, wounds presenting 24 hours or later postinjury, those that are clinically infected or puncture wounds without structural injury, should be allowed to heal by secondary intention.[@R28] Special consideration of primary closure should be given to wounds in cosmetically sensitive areas as this may provide the best aesthetic outcome.[@R35] Simple lacerations can be closed in the emergency department with local anaesthetic with or without sedation, if local policies allow and the child can tolerate it. However, complex lacerations or children who cannot tolerate intervention under sedation should be referred for debridement and operative repair. Wounds with tissue loss or underlying structural injuries, including fractures, should be referred onto the appropriate surgical team for further management. The need for reconstructive surgery in the form of skin grafts or flaps has been reported in up to 5.1% of cases.[@R27] Puncture wounds or wounds with signs of localised infection should be given antibiotics and reviewed again within 48 hours.[@R28] Follow-up for wounds managed operatively depends on the site, size, intervention undertaken and the anticipated risk of infection.

Psychological impacts {#s3}
=====================

The psychological impact of dog bites is often poorly documented and therefore poorly reported. Studies have demonstrated a spectrum of psychological disturbance in children following a dog bite from avoidance behaviours to formal diagnosis of post-traumatic stress disorder (PTSD).[@R16] Boat *et al*[@R15] found that in more than 70% of dog bite cases, parents reported at least one new concerning behaviour. Nearly a third of children demonstrated a new fear or avoidance of dogs and one-fifth experienced nightmares following the incident. Ji *et al*[@R16] found an incidence of 5% of PTSD at 3 months postinjury. PTSD symptoms can be varied and range from avoidance behaviours and numbing to increased arousal, hypervigilance and vivid recollections.[@R36] These distressing symptoms can be experienced in isolation thereby not meeting the criteria for a diagnosis of acute stress disorder (ASD) or PTSD and may go unrecognised.[@R16]

The psychological impact is seen in both children treated in the emergency department and those requiring admission.[@R16] However, both ASD and PTSD appear to occur more commonly in children who require hospitalisation for their injuries.[@R16] Further research is required to determine whether this is simply a reflection of the severity of injury or whether inpatient intervention itself is a contributory factor.

The psychological impact can persist for many months following the incident. Peters *et al*[@R17] found that in a cohort of 22 children all treated in the emergency department setting, 12 had reported PTSD symptoms for more than 1 month when interviewed at a median interval of 7 months post-injury.

It is also important to note that there is a psychological impact on the carers of paediatric victims. Boat *et al*[@R15] found that 85% of parents whose child sustained a dog bite injury reported changes in their own feelings following the incident. Two-thirds reported feelings of guilt and just under half reported feeling angry or fearful for their child's safety.

Caregivers of a child involved in a traumatic event should be informed of the normal responses to trauma (symptoms such as nightmares, avoidance behaviour, increased behavioural difficulties) and advised to contact their general practitioner if these symptoms persist past 1 month.[@R37] Given the diverse presentations of psychological disturbance following trauma, in both adults and children, and the complex emotions surrounding seeking help, a more proactive approach to screening and referral for psychological input would seem appropriate. However, this approach is limited by the low quality and limited evidence for early intervention to prevent the development of PTSD.[@R37]

Risk factors and bite circumstances {#s4}
===================================

There is an increasing body of evidence regarding the patterns and potential risk factors of paediatric dog bites which is being used to inform prevention schemes (see [box 1](#B1){ref-type="boxed-text"}). However, this is limited due to patient's failing to seek medical attention and insufficient clinical documentation of the bite circumstances.[@R10] Children aged \<5 are most likely to present with injuries to the head and neck.[@R5] This is thought to be a result of a number of factors including the child's height and tendency to crawl or play on the floor.[@R27] In particular, children aged \<2 tend to place their face in close proximity to new or moving objects which may trigger a reaction from a dog.[@R38] Children aged \>9 are more likely to sustain injuries to their extremities, presumably due to their increased height and the limbs being the closest point to the animal during a bite.[@R27] In most studies, boys are often reported to be more frequently bitten than girls,[@R39] but not in all cases.[@R43]

###### Patterns in paediatric dog bites

-   Children under the age of 2 years and between the ages of 9 and 12 years are most commonly bitten.

-   Children under 5 years are more likely to be bitten in the head or neck.

-   Boys are more likely to be bitten.

-   Children are most commonly bitten in the home.

-   The dog is owned by the family in the majority of cases.

-   Paediatric dog bites tend to occur in the early evening or on the weekend, and are more common in the summer months.

In 70% of dog bite cases, the dog is owned by a family member and children are most commonly bitten in the home.[@R5] Paediatric dog bites are common in the summer months and occur most frequently between 16:00 and 20:00 and on weekends.[@R5] This may reflect times where children are more likely to be around dogs, potentially unsupervised, during food preparation or meal times.[@R10] Reisner *et al*[@R45] reported that in 42% of cases where the dog was familiar with the child, the attributed cause for the bite was in response to food guarding. However, it is important to note that bites can occur in a number of contexts and in some cohorts, they most commonly occurred while interacting with the dog, including during play.[@R13]

Ability to correctly interpret dog behaviour improves with age and children aged \<7 struggle to identify fear-related behaviours in dogs.[@R49] However, even when able to correctly identify fear, young children do not know safe behaviours, commonly reporting they would approach fearful dogs,[@R49] hence physical separation except when very closely supervised is paramount. Dogs with a fearful or nervous predisposition may be more likely to show aggressive behaviour towards children. For example, more than three quarters of dogs involved in bites to children were reported to have a history of fear-related behaviour in other contexts, such as in response to loud noises or separation from their owner.[@R45] An increase in the number of dog bites at times of thunderstorms has also been reported.[@R51] However, this may also reflect changes in human behaviour around dogs at this time, such as attempts to comfort the animal.

A systematic review found both limited and conflicting evidence to support specific breed, sex or age of the dog as risk factors for biting.[@R23] In general, larger dogs may cause more severe injury from a bite compared with small dog due to the relative difference in size, however, research indicates that small dogs are at a higher risk of biting their owners.[@R22] Identifying a link between bite risk and dog breeds is limited by the accuracy of breed identification by the victim.[@R52] In addition, the public are more likely to report a breed when they believe they were bitten by a breed listed within the Dangerous Dogs Act (Pit Bull Terriers, Japanese Tosa, Dogo Argentino and Fila Brasileiro) than other breeds.[@R52] Moreover, heterogeneity of dog breeds involved in bites means that studies are often under-powered to detect statistically significant differences in risk between breeds.[@R22] The evidence for an effect of neutering on human-directed aggression is conflicting, and further longitudinal research is required to determine the causal direction.[@R23] However, there is some evidence to suggest that human-directed aggression may have a heritable component, which is a potentially modifiable risk factor and warrants further investigation.[@R23]

Dog bite prevention {#s5}
===================

Dog bites should be regarded as predictable and preventable unintentional injuries, rather than accidents.[@R55] Unfortunately, perception of dog bites as 'just one of those things' promotes a view that nothing can be done to prevent them.[@R18] Preventing injuries as a result of dog bites is complex due to the number of factors involved (ie, the dog, the child, the environment, the parental supervision and the dog--child interaction). When considering child injury prevention, parent--child supervision and interventions to mitigate the risk of hazards are essential factors to consider.[@R56]

Existing approaches to dog bite prevention {#s5-1}
------------------------------------------

Current dog bite prevention interventions take two forms---environmental management (eg, dog-related legislation) and education.[@R57] In the UK, nationwide environmental management was implemented in the form of the Dangerous Dogs Act 1991, after several highly publicised dog attacks. This has been heavily criticised and thought to have had little impact on hospital admissions for dog bite injuries.[@R4] In contrast, the City of Calgary, Canada, has seen a reduction in the frequency of dog bites frequency following the introduction of a compulsory dog licensing scheme and an introduction of subsidised dog training classes.[@R58]

Prevention through education {#s5-2}
----------------------------

Most research in dog bite prevention is focused on prevention and safety education schemes aimed at children and caregivers. Recent research analysing online video content of dog bite incidents has identified that prior to a bite, dogs express anticipatory behavioural signals in accordance with the canine ladder of aggression approximately 20 s before a bite occurs, suggesting that there is some scope for intervention.[@R48]

Education interventions are available in many forms including books, websites, primary school teaching resources and posters. In the UK, there is currently a range of schemes that use knowledge of dog behaviour and identified risk factors to inform children and parents of safe behaviour around dogs, such as:

-   The Blue Dog Scheme (<https://www.thebluedog.org/en/>).

-   Be Dog Smart (Dogs Trust) (<https://www.learnwithdogstrust.ie/be-dog-smart/>).

-   Be Safe with Dogs (Blue Cross) (<https://www.bluecross.org.uk/pet-advice/be-safe-dogs>).

-   The Safe and Sound Scheme (The Kennel Club) (<https://www.thekennelclub.org.uk/training/safe-and-sound/>).

Of the limited research conducted on the effectiveness of dog bite prevention schemes (see review by Shen *et al*),[@R57][@R57] there is evidence to support that educational schemes have the potential to increase knowledge of safe behaviours around a dog in the short term.[@R60] However, they do not appear sufficient to change the behaviour of children in the presence of a real dog or the behaviour of parents in the presence of a dog not known to them.[@R60] This is unsurprising given the known poor effectiveness of 'educational' approaches to injury prevention,[@R62] which are often chosen due to a tendency to blame the victim for doing something wrong,[@R64] as also perceived in dog bites.[@R18] Even with knowledge, it is very hard for people to change their behaviour, and people will always make mistakes.[@R60] Further research is required to determine the most effective method for knowledge acquisition, retention and resulting behavioural changes, for all ages. Furthermore, there needs to be closer collaboration between medics, vets and public health professions to develop more cohesive and comprehensive educational programmes for dog owners, children and their parents.[@R66]

Prevention through supervision {#s5-3}
------------------------------

Close supervision of child--dog interactions by an adult who is both in close proximity and has been educated to interpret dog body language appropriately has a potential to prevent bites.[@R58] However, a general lack of understanding that any dog can react aggressively towards any human under particular circumstances, hinders bite prevention. Compared with dog behaviour experts, dog-owning caregivers without expert knowledge of dog behaviour permit more high-risk interactions between children and both familiar and unfamiliar dogs (such as laying down in a dog's bed or taking a dog's bone away) and assess the risk of interactions as lower.[@R46] The perception that one is not at risk around a familiar dog could help to explain why over 50% of caregivers leave children unattended around family dogs at least for a short period of time.[@R46] Research into daily interactions between dogs and children under the age of 6 years revealed that most injuries occur in contexts other than agnostic aggression, such as when a child tried to give a dog a treat or while playing fetch.[@R67] As most prevention programmes focus on recognising stress-related behaviours in dogs,[@R59] caregivers may not be aware of the context in which supervision of children around dogs is required. In addition, caregivers' exposure to an educational intervention aimed at preventing bites to children had no impact on their supervision behaviour.[@R61] This suggests that caregivers' education into dog's body language should be supplemented with a campaign addressing both perceptions of contexts in which bites to children occur and commonly held views that 'a bite wouldn't happen to me' or 'my dog wouldn't bite'.[@R18]

Prevention through environmental modification {#s5-4}
---------------------------------------------

Given the difficulties in education and active supervision, bite prevention should include the promotion of environmental safety measures within the home. Compared with experts, caregivers rely on fewer methods of bite prevention and rarely use environmental controls.[@R46] Environmental controls are less subject to human error and particularly useful in situations where strict supervision of the dog is difficult. Installation of baby gates and outside letterboxes, in addition to dog management, such as ensuring a dog cannot escape a property during visits by placing it in the back garden or a separate room, are potentially effective but underused approaches to preventing bites.[@R57]

Additionally, modification of dogs acquired by families, through socialisation, training and breeding of dogs less likely to bite (or cause serious damage when they do bite) should also be considered. Education of breeders and owners of the influence of biological inheritance, early-life experience and socialisation on human-directed aggression is important.[@R23] Social fearfulness has been associated with inadequate socialisation during puppyhood and inactivity in both training and play activities.[@R69] Research suggests that small breeds are less often socialised and trained and are therefore more fearful of both strangers and other dogs compared with larger dogs, potentially increasing the risk of bites.[@R69]

Although dog bites most often occur in the owner's home, it is important to highlight that bites also occur within public areas.[@R13] Prevention efforts must therefore extend to these spaces and consider additional factors such as dog on dog aggression which may also result in injury to humans.[@R13] One strategy that has been used in North America is the implementation of 'leash laws' mandating owners to keep their dog on a lead within specific areas (see Rahim *et al*).[@R71] In a cross-sectional survey of small animal veterinarians in the US, 79.9% endorsed stricter leash laws as a method to improve public safety compared with 6.1% for muzzling specific dog breeds in public.[@R72] However, similar to dog fouling, the enforcement of dog leash laws is likely to be difficult, and also may have repercussions in terms of motivation for health-promoting physical activity in owners.[@R73] Furthermore, public education of the appropriate behaviour of a child around an unfamiliar dog encountered in a public space is also essential, as they can still approach an on-leash dog. There is a lack of evidence of the efficacy of prevention strategies within public spaces and further research is needed.

Reducing bite impact and future incidents {#s5-5}
-----------------------------------------

Although bites should be regarded as preventable injuries, mistakes will happen and therefore education should extend to what a child and caregiver should do during a dog bite incident in order to reduce injury severity, in addition to post-bite action such as psychological support.[@R74] Following a bite, the owner should be helped to identify why the bite occurred, especially if a dog has not previously displayed aggressive behaviour.[@R45] It is important that professional advice is given to the owner (from an expert animal behaviourist or veterinary surgeon with experience in dog behaviour) to ensure the dog can be safely managed. If the child is only exposed to the dog for short periods (as a visitor), or while the behaviours of a dog and the underlying reasons for it are being addressed, other context-specific risk management options include implementation of environmental barriers (such as baby gates) and pet training (such as crate or muzzle training). Ultimately, in cases where dog welfare is compromised and sufficient behaviour modification alongside risk management is not possible, rehoming of the animal (either temporarily, to allow time for the owner to reflect and consider the options available, or permanently) to a household that is able to manage the dog's behaviour may be considered (eg, if the aggression is focused on children, rehoming to an adult-only household may be feasible). In severe cases where an ongoing threat is posed, euthanasia should be considered.[@R77]

For parents considering introducing a dog into the home, there is a lack of robust evidence to help predict which breed or gender of dog is less likely to bite.[@R23] Each dog should be considered on an individual basis with consideration given to temperament of the parents, previous socialisation, training and episodes of human-directed aggression. Parents should consider their home and how the dog would be managed alongside their children within that environment. In addition, they should consider the compatibility of their lifestyle with the potential requirements to promote the well-being of the dog (considering breed), including adequate training, and exercise.

Conclusion {#s6}
==========

There are many factors to consider when treating children with dog bite injuries. The psychological impact of these injuries for both the child and parent can be significant and is likely to be under-recognised. A multidisciplinary approach is required to both treat these patients and prevent bites from occurring in the first place.
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